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Bureau of Aeronautica. Navy Department

HEAT-.TRANSFER TESTS OF A STEREL GYLINDEB BARREL WITE ALUMINUM
FINS WITH IMPROVED BORDING BETWEEN STEEIL BARRHL AND ALUMINUM Bi&ER

By Herman H. Hllerbrock, Jr.

INTRODUCTION

The finning of conventional cylinder barrels cannot be improved
to any grest extent except by adding fin welght which meanas, in
general, fin width (referanceu 1 and 2). By a conventionsl cylinder
barrel 1s meant & steel barrel with sieel fins. Tor in-llne englne
end in some cases radiel englne instellations the width of the barrel
fins 1s limited and a pogcible aoclution of the barrel-coolling problem
is to use vreformed sluminum fine on a steel barrel. If a reasonedbly
satisfactory bond between the aluminum and ateel is obtalned, the
heat transfer of the bharrel should be greatly ilmproved.

At the request of the Bureau of Aeronautics, Navy Department, a
steel crlinder berrel with aluminum fins was tested by this laboratory
(refrrence 3). The preformed fins of that cylinder were imbedded in
an aluminum base, which in turn wes bonded to the steel barrel. The
teste showed that the bond between the fins and the aluminum base was
ver;r good but that the heat-transfer coefficlents based on the steel
temperatures were sbout 18 percent below the coefficienta calculated
from the aluminum base temperaturee indicating that the bond between
the alurminum base and the steel was not veryv good.

The present report presents the results of tests made on another
steel cylinder barrel with aluminum fins. The method of attaching
the fine to the steel for this clinder is simllar to that of the
firet cylinder teated, but the method of atteching the eluminum base
to the steel barrel was thought to be an lmprovement over that used
for the firet cvlinder. The object of the tests was to determine the
heat-transfer coefficients of the cylinder and the excellence of the
bond batween the slumlrum fine and the aluminum base and between the
aluminum base and the ateel. The tests were made at the request of
the Bureau of Aeronsutice, Navy Department.




APPARATUB
Test Gylinder

The test cylinder was a complete barrel for an englne cylinder
and was mede of steel with aluminum fins. The space between the fine
was 0.052 inch, the thickness of the fins 0.025 inch, and the width
0.375 inch. The bottom gnd top of the barrel were cut off to leave
only the finned section for the test specimen (fig: 1). The
cvlinder was electrically heated with a wire coil wound on & soap-
stone core, which was lnserted in the cylinder. Logs of heat from
the ends of the cylinder was ellminated by uslng cylindrical guard
rings made of sheet metal and fllled with rock wool. The method of
heat insulatlon is fully 1llustrated in reference 3.

Surface temperatures and bege temperatures were obtained at 29
polnts on the cvlinder by means of iron-constantan thermocouples made
from No. 40 gage wire. The locatlons for the thermocouples were the
same as for the cylinder revworted in reference 3. The thermocouple
wires were shellacked to the flns and brouvght out through a tube to
a cold Junction boerd, as ehown 1n flgure 1. The method of attaching
the Junctions of the thermoccuples to the steel base of the firet
cvlinder tested (reference 3) was to scrape away some of the aluminum
base and insert the thermocouples in the svace provided (fig. 2(a)).
In the present tests two methods were used. In the first method a
hole was drilled 1n the aluminum base of the cylinder down to the
steel (fig. 2(v)). A plug of duraluminum with a hole in 1t, through
which the wires of a thermocouple were inserted, was placed 1n the
hole. The wires were soldered together before the plug was placed in
the hole and solder was placed in the bottom of the hole. The
cylinder wae heated on the inside, the gsolder melted, and the plug was
pushed down in the hole. The heat was removed and the olug peened
around the edge A, figure 2(b), to hold it in place. The top of the
plug wae then covered with bakelite varnish Lo make a seal and a
smooth surface. The second method used in the present tests was
gimilar to the first with the exception that two pluge were used side
by side with one wire of a thermocoupls in each plug (fig. 2(c)). No
solder was used in the second method, the plug being pushed down and
held in plaece by peening the edge A. This gecond method of ettaching
the thermocouple wires wes used %o ingure insuletion of one wire of
e thermocouple from the other wire. The wires of the thermocouples
in the first method were shellacked. The gecond method was used as a
check on the first method.



An ammeter and voltmeter were used to measure the electrical
innvut to the cylinder and a potentiometer measured the cylinder
temperatures.

Jacket

The cvlindexr was enclosed in a wood jacket and air drawn over
the setup with a blower ms illustrated in reference 3. The Jacket
shape and apvaretus used for such a test are fully described in
referencee I and 5. The Jacket fitted tight against the fin tips
end guard ringes. The waight of air passing through the Jacket was
measured with thin-plate orifices placed in the ends of a lerge tank,
Temperatures of ithe alr at the orifices and of the cold Junction were
obtalned with alcohol thermometers.

HBETHODS
Taats

The welght velocity of the cooling alr over the fins was varied
from approximetely 2 to 13 pounds per square foot of free area between
the fins by verring the speed af the bdblower. All teats were conducted
with an epproximetely constant heat lnput to the cvlinder of 77 Btu
per square inch of wall area per hour. The recorded data were the
electrical mower input to the test crlinder, the temperature of the
alr enterlng the orifice tank, the pressure drop across the orifice
tank, the cold Junction temperature, and the temperatures at the
various points on the cylinder. )

Computations

The welght velocity of the cooling air Vpig over the fins was

calculated by dividing the welght of the air passing through the
Jacket br the free-flow area between the fins.

The method of calculatins the weight of alr passing through the
Jjecket 1s given in reference 6.

The experimental average over-all heat~transfer coefficient U
vas obtalined by dividing the heat input per hour by the produst of
the area of the wall surface of the cylinder and the difference be-
tween the average temperature of the wall surface the entering-air
temperature.
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Calculated averasge over-all heat-transfer coefficient U was
ebtained from the equation

U= _._S_Ll_.t_ i:%<1+ _z_g;._)-tanh aw'+ s] (1)

as derived in reference 7, vwhere

amf_2a
kb

q surface heat-transfer coefficient, Btu per square inch per °F per
hour.

8 average space between fins, inches

t average fin thickneses, inches

¢ fin width, inches

w' w+t/2, effective fin width, inches

By radius from center of cylinder to fin root, inches

kp thermal conductivity of metal, Btu per square inch per °F through
1 inch per hour (2.17 for steel; 9.92 for pure aluminum)

This equation has been experimentelly verlfied for fins of steel,
covper, and aluminum alloy. (See references 1, 2, 4, 7, and 8.)

RESULTS AND DISCUSSION
‘ Heat-Tranefer Tests
The surface heat-transfer coefficlients q of finned cvlinders
have been correlated for an air-flow arrangement as used in the present

tests (reference 8). Thus it has been found for cylinders enclosed in
a jacket and cooled by a blower,

_19_:,1- ( 7915"3\

e \z2uD 0.25/ (2)
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vhere

kg thermal conductivity of the cooling air
Kk ebsolute viscosity of the cooling alr
D dismeter of cylinder et fin root (2Ry)

Figure 9(d) ~f reference § shows a curve, established from tests
on a lerge number of cylinders with an alr-flow arrangement as in the
present tests, plotted in terme of functions of the foregoing squation.
Surface heat-transfer coefficlents for a cylinder vith fin and crlinder
dimensions the same ss for the test cylinder were calculated from this
curve for several welght velocities between the fins. From these
calculated surface heat-irenafer coefficlents, over-all heat-~transfer
coefficlents were calculated according to equation (1) for a steel
crlinder with steel fins and for an aluminum cylinder with aluminum
fins cast integrally. The dimensionn of the finsg in these calculations
vere the same as for the test cylindar, and the alumimom fins were
assumed to have a conductiivity of 9.92 Btu per square inch per OF per
hour through 1 inch. The results ars plotted in figure 3. The
experimental coefflolents are slso plotted on fisure 3 based on doth
the temperature difference betwreen the aluminum hsse and the cooling
air and the temperature difference between the steel base and the
cooling air for methods B and C of attaching the thermocouple.

The experimental coefficlents calculated on the two temperature
bases for both methods B and C of attaching the thermocouples fall
eround the same curve ln figure 3. This curve 1s about 12 percent
higher than the calculsted curve for aluminum fine cast integrally.
The difference mey be due to the conductivity of the sluminum in the
teat cylinder being different from that assumed in the calculations
(9.92 Btu per square inch per OF per hour through 1 in.) or to the
foct that the calculstione mads using the correlation curve cannot
be expected to check any one cvlinder test with a closer asccuracy.
Test points around the correlatinn curve of reference 8 are as much
as 15 percent from the curva. The comparison of the exverimental
coefficiente based on the difference between the temperatures of the
aluminum bese and the cooling air and the calculated coefficients
for the aluminum fing cast integrally indicates that the bond be-
tween the fins and the aluminum base is very good. The comparison
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of the experimental coefficients based on the temperature of the
steel and the exverimentel ccefflicients based on the temperatures
nf the aluminum base for method C of atthching the thermocouples
chows thet the bornd between the steel and aluminum bases is good.
In general, for method C, the experimentel coefficients based on
the elumimum temperatures was a 1ittle greater, about 4 percent ab
the most, than the coefficlents based on the steel temperatures.
Thig difference, however, is within the experimental error of the
testa, and it can be concluded again that the bond between the
aluminum base and the steel is good.

Comrarison of the experimental coefficients for the test
cylinder with the calculated coefficients for the steel cylinder
vith eteel fins in figure % shows an improvement in heat transfer
of approximately 20 percent by using sluminum fins. Comparison of
the calculated cnefficienta for steel and aluminmum fins in figure 3,
ghows that by using aluminuvm ingtead of steel the heat trensfer can
be improved spproximetely 17 percent. Reference 2 shows further
that for fine 3/8 inch wida, the width of those on the test oylinder,
the maximum heat transfer le obtained with a fin space of 0.09 inch
vith a pressure difference acrnss the cvlinder of Y inches of water,
vhich is generally the pressure difference avallsble in conventional
nirnlrnes. Figure 4 shows calculated coefficients for two cylinders
with aluminum fins cast integrally for various pressure differences
acroas the cvlinders. 0Oné cylinder has fins of the same dimensinns
as the test cylinder snd the other cvlinder has the same fin width
and thickneas as the test cylinder but the fin space is 0.09 inch.
At a nressure difference of U inches of water the heat transfer is
increased 18 mercent by using a fin space of 0.09 inch instead of
0.0%52 inch. It should thus be posasible to meke a cylinder similer
to the one tested with fine of 0.09 inch space and increase the heat
transfer of a cylinder with steel fins sbout 35 mercent. 4s the
nressure difference avellsble for cooling increases, the difference
in hest transfer between the two fin deslgns decreases, figure L,
until a noint is reached where the closer fin spacing glves the
highest heat tranafer.

Phyaical Tests .

The cylinder was cut in helf and one half wes cut in quarters in
order to determine how good the bonds between the steel and the alumi-~
num base and between the fins and the aluminum base were mechanically.
One edge of one of the quarters was nolished and etched, and the
result shown in figure 5(b). The edge of the First cylinder manu-
factured by this method and tested, reference 3, 1s shown 1in figure
5(a). The outline of the fins in the aluminum base is much fainter
in figure 5(b) than in figure 5(a) although the time nf ebtching in
5(b) was much longer. The mechanicel bond between the fin and alumi~
num base should, therefore, be much better for the second cylinder
tested than for the first.
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The half of the test cylinder was heated ten times to 4500 T
and quenched in water at room temperature after each heating. No
- change in the mechanical bond cruld be noted visuallv. The steel
was then pried looee from the aluminum and much less force was re-
quired then wes necessary in e simllar test of the first cvllnder
tested (reference 3). The test 18 considered rather severe, how- -
ever, and the bond between the steel and aluminum will probably be
satiefactory mechanlcally. .

CONCLUSIONS

1. Heat-trensfer tests indicate that the thermal bond between
these aluminum fins and the eluninum base 1s very good and that the
bond between the alumirmm bmse and the stesl barrel is satlefactnry.
The thermel bond between the salumlnunm base and the steel cylinder is
conslderably better than that of the first cvlinder tested. The
etching tests indicate that the mechanical bond between the aluminum
fins and the aluminum base is better than in the previoues tests but
thie lmprovement is not important becsuse the thermal bond was cnn-
eldered satisfactory on the previnus cylindrr. It is very encouraging,
however, thet all-srouni improvements have been made.

2. The heat tranefer of the test cvlinder with eluminum fine
was spornximately 20 percent greater than the calculated wvalues for
8 steel cylinder with steel fins of the same dimensions.

3. Celculations showed thet increasing the fin specinz of the
test cylinder from 0,052 to 0.09 inch will give en additional 18 per-
cent increese in heet rejection for the same barrel temverature at
e pressure difference ecross the crlinder of U4 inches of water.

Langlev Memorial Arronsutical Leboratory,
National Advigory Committee for Aernneutics,
Langley Field, Va., July 17, 1940.
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Figure |,

Test cylinder with cold junction board attached and heating core inserted.
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Figure 5. - Cross sections of cylinders after polishing and

etching.
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